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Slope stability aspects of the Egnatia Odos Highway Project in Northern Greece 
 
M.N.Skempas      A.W.Livadas 
Geotechnical Consultant     Egnatia Odos S.A. 






The section near the village of Koumaria of the Egnatia Odos highway included a 300 m long cut and cover structure near the foot 
of a slope being undercut by a river. The combination of the temporary steep cut slopes and the unfavourable weather conditions 
with low field shear strengths led to successive slope failures in that area and resulted in a heavily affected profile. As a result the 
cut and cover structure was abandoned in favour of an open cut and various remedial measures were applied for the rehabilitation of 
the affected area. In the case of another 140 m long cut and cover of the highway near the village of Peristeri sliding movements 
took place during the excavation of the temporary cut slopes. Those were controlled using the observational method with a 
combination of earthworks, drainage and retaining measures which ensured the construction of the cut and cover structure. 
 
 
INTRODUCTION The owner of the project Egnatia Odos S.A instructed 
cessation of the works and the preparation of a 
comprehensive site investigation and monitoring program. 
The aim was to define the extent, depth and activity of the 
major landslide area and the detection of any potentially or 
actually unstable neighbouring areas. 
 
The Egnatia Odos highway project is one of the largest and 
most challenging civil engineering projects in Europe. It 
constitutes part of the Transeuropean Network for transport 
and is one of the fourteen priority projects of the European 
Union.  
  
The highway has an overall length of approximately 700 km, 
designed as a dual carriageway which will connect the 
harbour of Igoumenitsa (in Northwest Greece) with the 
Greek-Turkish border. 
Geology - Morphology 
 
The geological formations of the bedrock in the landslide 
area belong to the Lower Miocene flysch-molassic 
formations, known as the Radovisio sequence. They consist 
of alternating grey-green coloured fine grained sandstones 
with fossils and green marly claystones. 
 
 
KOUMARIA CUT AND COVER 
  
The seven kilometre long highway Section 1.2.2 near the 
village of Koumaria included an approximately 300 m long 
cut and cover structure near the foot of a slope being 
undercut by the Tyrias river. 
Above these formations rests the landslide material which 
consisted of mainly medium to high plasticity sandy clays 
with occasional sandstone and marly claystone pieces. 
 
 The prevailing view based on field geology, site 
investigations and monitored slope movements is that this 
area was the site of an ancient landslide constantly being 
eroded at its toe by the Tyria river and thus reactivated. 
The first geotechnical investigation program that took place 
in 1995 identified potential minor slope stability problems in 
that area and therefore a staged cut and cover structure was 
suggested.  
  
Slope Stability However as excavations for the temporary steep (3v:1h) cut 
slopes started in that area landslide movements took place 
(Fig. 2) before the excavations had reached their final level 
affecting even the constructed highway embankment. 
 
The first slope movements are considered to have taken place 
in the Plio-Pleistocene epoch in an approximately planar 
mode due to the bedding feature shape of the claystone  





 flysch bedrock, followed by subsequent rotational failures 
within the slide mass due to river erosion.  
 
During the initial site investigation program residual strength 
tests had not been performed. Therefore quite high shear 
strengths had been used in the stability analyses for the 
design of the excessively steep cut slope gradients of the 
temporary cut and cover slopes. 
 
However, field observation in trial pits and exposed shear 
surfaces as well as careful examination of borehole cores 
proved the existence of polished slickensided clay material 
between the slide material and the bedrock. 
 
As a result the laboratory testing of the latest investigations 
was scheduled to include a sufficient number of residual 
strength tests which for the materials forming the shear zone 
gave values as low as 9o for the appropriate range of field 
normal stresses. 
 
The design shear strength parameters were derived from the 
available results of the laboratory tests and back analyses 
performed on some typical cross sections. 
 
A residual angle of shear strength equal to φr′=11o with zero 
cohesion was used for the shear zone material after taking 
into account the results of the performed Bromhead ring 
shear tests, the results of the back analyses as well as the 
suggestions of the relevant publications (Skempton 1985) in 
relation to the index properties of the material. A peak 
effective angle of φ′=27o with zero cohesion was used for the 
landslide material.  
 
 
Monitoring - Instrumentation 
 
Numerous monitoring instruments were installed in the 
landslide area including Casagrande porous tip and standpipe 
piezometers and eight inclinometers.  
 
In this way the extent, depth and activity of the major 
landslide area became known to a satisfactory degree. The 
inclinometer readings coupled with on site observations 
indicated that practically all the movements were taking  
place at the contact of the slide mass with the flysch bedrock 
(Fig. 1) with no evidence of deeper movements.  
 
Also at the east downslope part of the unstable area where 
the highway embankment was built, movements of the order 
of 4 mm were detected by inclinometer K3 (Fig. 2), possibly 
indicating some pressure being exerted on the embankment 
by the landslide. 
 
The piezometer measurements suggested that during wet 
periods relatively high perched groundwater tables developed 
in the landslide. However their creation and existence may 
also had been assisted by surface run-offs seeping through 
the existing tension cracks of the low permeability material. 












For the landslide area the finally selected solution (Vettas et 
al. 1999) included the following works: 
 
1) Removal of the landslide material in most of the area and 
destruction of the slip surface. 
 
2) Construction of an improvement/drainage layer in contact 
with the bedrock and under the highway embankment where 
necessary. 
 
3) Construction of an outfall ditch to collect and lead the 
water collected by all the above drainage layers to existing 
culverts. 
 
4) Construction of drainage trenches/ditches peripherally to 
the landslide for the collection and disposal of surface water. 
 
5) The placement along the river bank of a rockfill berm 
protected by a gabion wall (Fig. 2) to enhance stability of the 
toe area. 
  
The volume of the landslide material excavated reached 
200.000 m3 and was deposited in the neighbouring area of a 
reclaimed river loop. The final slope surfaces (Fig. 2) were 
hydroseeded and planted successfully using local flora. 










 As the works continued the failures progressed along the 
gunite slopes (Fig. 5) and the geodetic measurements of the 
survey points installed showed appreciable movement 
reaching horizontal displacements (Fig. 6) of the order of 
35cm towards the highway. 
PERISTERI CUT AND COVER 
 
The excavation for the 140m long cut and cover S1 in 
Section 3.1 of Egnatia Odos near the village of Peristeri in 
northwestern Greece involved temporary cut slopes 
consisting  of a 23m high lower cut at a 2v:1h gradient 
covered with gunite with wire mesh and pre-tensioned 


















Fig. 5. Unstable temporary cut slopes of the S1cut and cover 
 
 
The continuous observation of the survey points indicated 
that action had to be taken and the option of abandoning the 
cut and cover structure and adopting an open cut with 
appropriate measures was considered initially. Fig. 3. Central section of  the S1 cut and cover  
  
 However the decision for unloading from the top of the cut 
was finally taken and applied to prevent further failures, 
before the autumn rainfalls took place, which would allow 
water percolation into the existing tension cracks. 
Following a heavy rainfall during the third week of August 
2000 some localised failures took place in the temporary 
gunite slopes (Fig. 4). These prompted the installation of 
survey points along the crest of the highest slope and along 
the edge of the bench. 
 
The relation between unloading and movement was recorded 
and after approximately 20 days the movements recorded 








































Fig. 4. Localised failures of the gunite cut slopes 
 
 
The material of the upper cut slope appeared to be 
considerably weathered and heavily fragmented failing 
mostly in a soil-like mode although it contained large blocks 
of sandstone and siltstone. 
 
Fig. 6. Horizontal displacements of survey points 
 
  










In this way the cut and cover was completed in time with 
only a few additional retaining, drainage and protection 
measures for the finally visible cut slopes such as dowelling, 
drainage and netting in combination with planting. 
In this way the emergency unloading earthworks and small 
scale remedial measures ensured the completion of the 
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 Fig. 7. Completed cut and cover S1 
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The observational method in this case led to a rather 
inexpensive and readily available method of stabilization of 
the temporary slope, guided by rather crude instrumentation 





The initial site investigations for the cut and cover structure 
near the foot of a slope in Section 1.2.2 of the Egnatia Odos 
highway proved to be insufficient in that area where an old 
landslide was present caused by river erosion. 
 
During construction the combination of the temporary steep 
cut slopes with low field shear strengths in this high rainfall 
area led to successive slope failures and the abandonment of 
the cut and cover structure. 
 
At that stage a comprehensive site investigation, laboratory 
testing and monitoring program  was implemented. Its results 
highlighted the geology, ground profile, geometry and 
mobility characteristics of the landslide area and enabled 
remedial measures for the safe crossing of the highway to be 
designed. 
 
In the case of the cut and cover structure of Section 3.1 near 
the village of Peristeri slope movements of the temporary cut 
slopes during construction were controlled using the 
observational method. 
 
